Four experimental diets were used to determine the effect of additional arginine in the high defatted soybean meal (DSM) diet on the protein retention and the growth of giant gouramy, Osphronemus gouramy Lac. Diet A contained 50% of the protein from brown fish meal (BFM) and 50% from DSM; diet B contained 50% BFM and 50% DSM plus 0.70% arginine; diet C contained 25% BFM and 75% DSM and diet D contained 25% BFM and 75% DSM plus 0.60% arginine. Fish, with mean bodyweight of 21.6 ± 1.13 g, were fed on the experimental diets for 56 days. The DSM diet (diet C) produced lower protein retention (PR), lipid retention (LR), feed efficiency (FE) and daily growth rate (DGR) than diet A (50% BFM + 50% DSM). The addition of arginine in diet D (75% DSM in dietary protein) can improve the DSM quality, which was shown by producing the same PR, LR, FE, and DGR as in diet A. These results indicated that arginine is one of the important essential amino acids for the high defatted soybean meal diet of giant gouramy.
INTRODUCTION
Many experiments have been conducted on utilizing soybean meal as a protein source in diets to replace fish meal (FM) due to the high cost of FM. [1] [2] [3] [4] [5] [6] Studies have shown that utilization of soybean meal as a source of protein results in low levels of one or more essential amino acids due to the imbalance of amino acids in soybean meal. [7] [8] [9] [10] [11] Generally, protein retention was affected by the protein level, total energy and protein quality (amino acid composition) in the test diets. Our previous report 4 showed low protein retention and high ammonia excretions in giant gouramy fed the high defatted soybean meal (DSM), which was 75% DSM or full DSM in dietary protein. We assume that the low protein retention and high ammonia excretions resulted in the imbalance of amino acid composition in the test diets since all test diets were designed to maintain the same energy, lipid and protein levels. Lack of some kind of essential amino acids in the diets partially reduced protein synthesis per gram of protein intake resulting in low protein retention. 12 Cho et al. 13 showed that high non-fecal nitrogen (ammonia) was produced by carp fed diets with a poor balance in amino acid composition.
Millamena et al. 14 reported that essential amino acids found in high quantities in muscle protein, such as arginine and lysine found in penaeid shrimp, are considered the most limiting ones. Furthermore, the high concentration of arginine in the whole body of giant gouramy indicated that arginine is one of the limiting amino acids. 4 Arginine is involved in many metabolic pathways: protein synthesis, urea production, interrelation between the metabolism of glutamic acid and proline, and synthesis of creatine and of polyamine. 15 A deficiency in arginine caused low growth performance and protein retention as shown by Luzzana et al. 16 and Tibaldi et al. 17 In order to ensure an optimal supply to the organism, amino acids must be available simultaneously in a certain ratio to one another. 
Chemical analysis
The analytical methods for proximate compositions, protein and lipid retention, and protein efficiency ratio followed those described in a previous report. 21 An oxygen meter (YSI Model 57; YSI Industries, Yellow Springs, OH, USA) was used for measurement of dissolved oxygen. Amino acid compositions in the whole body of giant gouramy, FM and DSM were analyzed by the HPLC method.
Evaluating parameters
The daily growth rate (DGR), feed efficiency (FE), weight gain (WG), protein efficiency ratio (PER), protein and lipid retention (PR and LR) were used as the parameters to evaluate differences between treatments.
Statistical analysis
This research used a completely randomized design with four treatments and three replications. Tukey's test was performed to compare the mean value of weight gain, DGR, PR, LR and PER of the arginine addition in the high DSM diet.
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RESULTS
Final bodyweight, WG, daily feed intake, DGR and FE of giant gouramy after a 56-day culture period are shown in Table 2 . The average bodyweight during feeding experiment of each diet is shown in Fig. 1 .
Fish fed diet A (50% FM and 50% DSM in dietary protein) showed the same WG with fish fed diet D (25% FM and 75% DSM in dietary protein; 0.6% arginine), but WG was lower than that of fish fed diet B (50% FM and 50% DSM in dietary protein; 0.7% arginine) and higher than that of fish fed diet C (25% FM and 75% DSM in dietary protein). However, fish fed diets A, B and D produced the same DGR, which was higher than that of fish fed diet C (P < 0.05).
Fish fed diet B had a higher FE value than that of fish fed diet D. Diet A produced the same FE as that of fish or the addition of an essential amino acid could achieve an appropriate balance of amino acids in the diet, resulting in good protein utilization. 11, [18] [19] [20] Thus, this experiment was conducted to determine the effect of additional arginine in the diet containing high DSM protein on the growth of giant gouramy Osphronemus gouramy Lac.
MATERIALS AND METHODS
Fish diet
Four experimental diets containing isonitrogen, isolipid and isoenergetic were used in this experiment. The composition and proximate analysis of the experimental diets are shown in Table 1 . Diet A contains 50% DSM and 50% FM as dietary protein; diet B has the same composition as diet A except for the addition of 0.7% arginine (crystalline); diet C contains 75% DSM and 25% FM as dietary protein; diet D has the same composition as diet C except for the addition of 0.6% arginine (crystalline). 15 Diets were in paste form with a 32% protein content and calorie per protein ratio of 33.44 kJ DE/g protein on a dry matter basis. All ingredients were the same as for a previous study. 4 
Fish rearing
Giant gouramy, with initial mean weights of 21.6 ± 1.13 g were used in this experiment and adapted to the experimental diet for 1 week before starting the feeding 808 FISHERIES SCIENCE M Agus Suprayudi et al. fed diets B and D and diet C produced a low FE compared to the other experimental diets (P < 0.05). The PR, LR and PER values are shown in Table 3 . The PR, LR and PER of giant gouramy fed diet C were significantly lower (P < 0.05) than those of fish fed the other experimental diets. Diets A and D showed almost the same PR and RL values. Table 4 shows the amino acid composition of the test diet and whole body of giant gouramy. Arginine contents of the dietary protein in this experiment were: 7.07 (diet A), 8.54% (diet B), 5.82% (diet C) and 7.87% (diet D). The arginine content of diets B and D increased by 20.8% and 35.22%, due to the addition of arginine. Figure 2 shows the comparison of the essential amino acids compositions in the diet and whole body of giant gouramy. The arginine ratio in diet C showed the lowest value in all diets (95.73%).
DISCUSSION
Many different criteria have been used as dependent variables in evaluating the arginine requirement of the fish such as growth, FE, protein deposition, nitrogen retention, arginine retention, and various biochemical indexes. Nitrogen retention is considered to be the most accurate and sensitive parameter to estimate dietary amino acids requirements. 16 The arginine addition to the diet containing 75% DSM in dietary protein (diet D) increased PR and PER. These values are almost the same as that of diet A (containing 50% DSM dietary protein). However, the addition of arginine in diet B (containing 50% DSM dietary protein) did not increase the PR and PER, but improved WG up to 9.5%.
The PR, indeed, depends on the level of proteins, total Mean ± SD (n = 3). 2 Values with different subscript in the same column are significantly different (P < 0.05). and urea biosynthesis. 28, 31 Furthermore, arginine affects the release of growth hormones and induces immune resistance. 28 It is well known that the requirement of arginine in fish varies with the level of protein in the diet. For the best growth the level of arginine in dietary protein of rainbow trout varied from 2.5-6.1%; 27 P. monodon 5.3%; 14 coho salmon 4.9-5.5%. 16 These large variations in arginine requirements may have resulted in laboratory variances due to the various ingredients for basal diets, different fish sizes, ages and species. 27 Therefore, dietary arginine level and arginine requirements are frequently expressed as percentages of dietary protein. 32 In this experiment, the ratios of arginine in dietary protein were 7.1% (diet A), 8.5% (diet B), 5.8% (diet C) and 7.9% (diet D). These values show that the ratios of arginine in dietary protein of giant gouramy's diet for better growth performance were much higher than that of coho salmon, 16 rainbow trout, 27 and P. monodon. 14 The high level of arginine requirement in dietary protein suggested that arginine is hard to synthesize in giant gouramy. Arginine biosynthesis occurs due to the presence of enzymes of the urea cycle and enzymes of ornithine biosynthesis. Generally, the arginine requirement for freshwater fish was higher than that of marine fish because of the capability of arginine biosynthesis. 31 Chiu et al. 33 demonstrated that rainbow trout have a functional urea cycle providing for potential biosynthesis of arginine.
Protein retention values from fish fed diets A, B and D were higher than that of fish fed diet C, however total feed intake and total protein intake for the four diets were relatively similar. These conditions indicate that the addition of 0.6% arginine improved protein quality in the diet containing high DSM as dietary protein.
More than 100% of lipid retention was observed in all treatments. It is suggested that for growth, giant energy in the test diet, and protein quality correlated to the essential amino acids. The imbalance of amino acids caused low availability of one or more essential amino acids in the diet together with low protein retention and high ammonia excretion as demonstrated by Murai et al. 18 and Cowey et al. 23 Several criteria have been used to evaluate the balance of amino acids. NRC 24 reported that the essential amino acid index can be used to evaluate the protein quality. Kaushik et al. 25 and Shigueno 26 suggested that the whole body essential amino acid profile could be used to determine the essential amino acid requirement. Kim et al. 27 reported that free arginine concentration in the muscle and blood was used as an indicator of adequacy of dietary arginine. Furthermore, Millamena et al. 14 showed high lysine and arginine in the muscle protein of peneid shrimp was considered as the most limiting amino acid in most animals, particularly in Penaeus monodon. From these reports, it is suggested that the availability of essential amino acid can be calculated by the ratio of amino acid in the diet and in the whole body.
In this experiment, the availability (calculated by the ratio of amino acid in the diet and in the whole body of the fish) of arginine was 140.5% (diet A), 140.5% (diet B), 95.7% (diet C) and 129.5% (diet D). The increasing of DSM from 50% (diet A) to 75% (diet C) dietary protein reduced arginine availability by 44.8% and depressed the growth potential and PR by 29.6% and 18.2% (Table 3 ). This phenomenon was the same as for Salmo salar and rainbow trout fed with a low arginine concentration diet (50-60% of requirement) which reduced the potential growth and nitrogen retained up to 16-20%. 27, 28 The increasing of arginine availability in this experiment was due to the addition of crystalline arginine in the high DSM protein diet (Table 2) .
Arginine is an indispensable amino acid for optimal growth of young fish, 29, 30 essential for protein synthesis
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